Abstract. The main function of machine vision is to improve the flexibility and automation of the production; extraction of semantic information in the video data is difficult in the field of machine vision. The video event detection involves the shooting of the surveillance video, and the detection and conversion to the data processing and analysis. This paper presents the trajectory hyper-graph theory, recognition of events in video and sub events, so it can strengthen the ability of event classification. By doing the experiments of several monitoring video (MV) datasets from different scenes for event detection, we find that the numbers of vertices and clusters of trajectory and multi-label hyper-graph fusion method (TG-MLG) are larger than these of the other two methods, and it has better description performance. Using the trajectory hyper-graph theory for detection of event, the high-level semantic information can be used for video classification, searching and forecasting.
Introduction
An appropriate representation method of the relationships between video objects is crucial for video events detection. In the literature, numerous works using graph or hyper-graph have been proposed. For instance, Hakeem proposed clustering method based on image segmentation for complex event detection. Based on temporal relationship between simple events, this method clusters relevant events by graph cutting. Huang employed video hyper-graph partitioning to detect moving objects [1] . In many real world problems, traditional graph which is based on a single similarity function is insufficient for representing the relations among a set of objects [2] . In general, different pairwise graphs can be built based on affinity functions computed from different features. Then, a weighted similarity measure using all the features could be established in order to combine these representations [3] . However, simply taking their weighted sum as the new affinity function may lead to the loss of some information which is crucial to clustering task [4] . On the other hand, one may consider the relationship among three or more data points to determine if they belong to the same cluster. For example, we may compute the probability that one object and its neighbors belong to the same category. This representation for data sets with higher order relationships is termed as hyper-graph which is defined on a set of vertices and a set of weighted hyper-edges [5] .
In order to analyze and understand motion events, this paper considers spatial and temporal characteristics of complex events to extract trajectory of moving objects as features. Trajectory hyper-graph reflecting the regularity of movement and the purpose of target is constructed. Meanwhile, multi-label semantic hyper-graphs are established to represent semantic concepts in video. These two hyper-graphs are segmented by spectral clustering method to yield clusters of trajectory and label. Finally, they are integrated to reflect the relevance between their vertices. Experiments are performed to detect complex events in video and the results confirm the effectiveness of our method.
Hyper-graph Theory
Hyper-graph is based on graph and set theory. Objects with common features belong to a set. Different levels of abstraction can be attributed to the set of sets. In such a way, a structure based on inclusion relation of sets can be established. Hyper-graph has emerged as a useful tool to describe such structure.
Fusing Trajectory and Multi-label Hyper-graphs for Event Detection
According to the spatial-temporal characteristics of trajectory as well as the co-occurrence of semantic tags, this paper uses spectral segmentation to partition trajectory hyper-graph and multi-label hyper-graph, thus producing segmentation results of video events. From the fusion results of temporal dependencies between events, we can get the classification of complex events, thus achieving complex event detection.
Definition of Trajectory
As the variation of time parameters, target motion can be represented by a series of spatial changes in continuous video frames. Therefore, trajectory is defined as a form exhibiting simultaneous spatial and temporal variation in this paper. We have improved mixture Gaussian model in [6] so as to identify the moving target and used invariant contour moment to describe multiple moving targets in consecutive frames. Taking 
Definition 2. The velocity vector of trajectory S
T at time point t ( 
Similarity between Trajectories
To compare the trajectories of multiple moving objects with different lengths, we use the Hausdroff distance to calculate the similarity between trajectories. In computer vision, the Hausdorff distance can be used to find a given template in an arbitrary target image. The template and image are often pre-processed via an edge detector giving a binary image. So it can be found from the video analysis that the motion feature of trajectory is also a main characteristic of moving target. Therefore, we combine the space distance and motion feature to measure the similarity of trajectories, wherein the motion feature is represented by the velocity direction of the motion point on the trajectory.
In be the corresponding velocity vector. Then, the velocity direction can be defined as 
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where the weight of the ( , ) ve i j d t t is given by formula(3), n is the number of points on i t , k is a trade-off coefficient used to balance the influence of spatial distance and velocity direction distance. In this paper, we simply set the value of k as 0.5, meaning that the two kinds of distance have equivalent influence on the similarity between trajectories. Then, the hyper-graph is adopted to perform clustering analysis.
Establishing Trajectory Hyper-graph
Based on the hyper-graph theory discussed in Section 2, we construct trajectory hyper-graph to represent the trajectories of multiple moving targets. Each vertex corresponds to a trajectory in a video. We consider a set of trajectory consisting of n The above algorithm is the procedure for constructing trajectory hyper-graph T G . As we can see, the similarity in both spatial and velocity direction distance of the multiple moving targets will influence the affinity matrix F M of trajectory hyper-graph T G .
Based on this, we can calculate the correlation matrix Ht M of T G , the diagonal matrix .It is easy to see from spectral partitioning characteristics that, the correlation between trajectories from the same trajectory clusters is large while it is small between trajectories from different trajectory clusters.
Experimental Analysis Experiment Scene
We selected several monitoring video (MV) datasets from different scenes for event detection experiments, including road traffic (RTMV), expressway traffic (ETMV), canals traffic (CTMV), dock (DMV), parking lot (PLMV), residence (RMV). Some typical frames from these videos are show in Table 1 . Table 1 . Information of experimental video sets. Table 1 shows detailed information of the involved experimental videos. In experiments, our method will analyze and process the following events: normal and abnormal traffic events in RTMV and ETMV, multi-ship sailing in a channel in CTMV, the tanker loading dock (unloading) event in DMV, the car parking and the vehicle access event in PLMV, the residents, visitors and other personnel access event in RMV. The experimental environment is Intel (R) Core (TM) i5 CPU, 8G RAM and a 5400RPM IDE hard drive, the operating system is 32-bit Windows 2010 Server.
Comparing the Numbers of Vertices and Clusters
In the experiments, we compare the proposed trajectory and multi-label hyper-graph fusion method (TG-MLG) with two related methods CGC and HG-LGC. CGC detects events based on ordinary graph while HG-LGC introduces trajectory hyper-graph with Hausdroff similarity measurement into the hyper-graph model established by multi-label semi-supervised learning. Figure. 1 shows the number of vertices in the hyper-graphs the above methods generate on each dataset, where the vertices of TG-MLG and HG-LGC consist of those produced by the trajectory and multi-label hyper-graphs. Figure. 2 compares the numbers of clusters generated, where the clusters of TG-MLG and HG-LGC comprise those produced by the trajectory and multi-label hyper-graphs. Therefore, the numbers of vertices and clusters of TG-MLG are larger than those of the other two methods. 
Conclusion
How to break the gap between low-level features and high-level semantics has become a topic in the field of machine vision. The key of video event analysis is to find the semantic concept model of events. Based on the hyper-graph theory, this paper established detection of event according to the trajectory of characteristics and time moving target extraction. At the same time, we propose the construction of the concept of the video with multi label hyper-graph. We put the mapping relationship between two hyper-graph pairwise fusion track and multi label, and complex events can be detected. The experiment results show that our method is better than other methods for precision and recall rate. In the future, we will apply this method to detect other types of events in video.
